ABSTRACT Diet is the first line of therapy for hypercholesterolemia. The major dietary factors raising the plasma cholesterol are saturated fatty acids, cholesterol, and excess total calories. For almost all forms of hyperlipidemia, the first principle of dietary therapy is to reduce saturated fatty acids, decrease cholesterol, and curtail excess calories. In patients with severe hypercholesterolemia, marked restrictions of diet may be necessary. For these patients, drugs may be required to control cholesterol levels. However, the majority of patients with elevated plasma cholesterol can achieve a satisfactory reduction of cholesterol levels by diet, and drugs will not be necessary. Dietary therapy alone is adequate for most patients with familial forms of hypertriglyceridemia, but for a few patients drugs are required. Circulation 76, No. 3, 523-528, 1987. THE FIRST LINE for therapy of hyperlipidemia is diet modification. One approach to dietary treatment of hyperlipidemia is the "one-diet" concept, according to which a single diet can be used for treatment of all forms of hyperlipidemia. This approach was advocated by the American Heart Association in its dietary recommendations for treatment of hyperlipidemia in adults.' The foundation of the American Heart Association's recommendation is the low-fat diet. A diet low in total fat intake was suggested for all forms of hyperlipidemia, and the recommendation called for a progressive reduction in fat intake. In other words, a marked reduction in fat intake was not prescribed from the beginning of therapy but instead was to be achieved in a progressive, stepwise fashion. The "one-diet" concept for treatment of hyperlipidemia has the advantage of simplicity, but for physicians or therapeutic dieticians who have a good understanding of the different forms of hyperlipidemia, use of the same diet in all patients may not be necessary or even desirable. In this article, therefore, consideration will be given to the various categories of hyperlipidemia and how dietary therapy may be used to maximal benefit in each case.
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The low-fat diet is attractive because epidemiologic data indicate that rates of coronary heart disease (CHD) are relatively low in populations that habitually consume such diets. For example, in Japan and China and in other parts of the orient, the diet is relatively low in total fat and prevalence of CHD is low. Furthermore, plasma cholesterol levels are low in these populations, which could contribute to the low prevalence of CHD.
These observations suggest that low-fat diets are responsible for low concentrations of plasma cholesterol; indeed, metabolic-ward investigations demonstrate that low-fat diets can reduce plasma cholesterol compared with diets rich in total fat and saturated fatty acids.2 Nevertheless, this finding does not mean that low-fat diets are the only means of attaining a reduced level of cholesterol.
For instance, substitution of polyunsaturated fatty acids for saturated fatty acids in the diet is known to reduce the plasma cholesterol level. 35 This reduction occurs mainly in low-density lipoproteins (LDLs).6 Thus use of diets high in polyunsaturated fatty acids might be an alternative approach to the prevention of CHD. Unfortunately, there is no strong epidemiologic evidence that diets high in polyunsaturates actually will prevent CHD. No large populations have ever consumed large quantities of polyunsaturated fatty acids with proven benefit or safety. The lack of epidemiologic data supporting the safety of polyunsaturates has led many investigators to recommend that high intakes of polyunsaturates, e.g., greater than 10% of total calories, be avoided. This recommendation is supported by possible long-term adverse effects of polyunsaturated fatty acids. For instance, in humans high intakes of polyunsaturates will lower the plasma highdensity lipoproteins (HDLs)6 and may predispose to gallstones in some patients. Most nutritional studies suggest that saturated fatty acids are the major factor raising the plasma concentrations of total cholesterol and LDL. When saturated fatty acids are replaced by any other major nutrientcarbohydrates, polyunsaturated fatty acids, or monounsaturated fatty acids -levels of total cholesterol and LDL cholesterol fall. Therefore, the primary aim in prevention of CHD is to decrease intakes of saturates, and it seemingly matters little which nutrients are used in their place. The choice of nutrients thus will depend on other considerations (e.g., other possible harmful effects, preference, and cost).
Another dietary factor affecting the plasma cholesterol is dietary cholesterol. In many subjects, an increase in the dietary intake of cholesterol will raise the plasma cholesterol level. ' Most of this rise occurs in the LDL fraction. However, the effects of dietary cholesterol are variable. Some individuals show little increase, while others demonstrate a marked response. A rise in LDL concentrations, however, is not the only effect of dietary cholesterol. Some investigators have suggested that ingestion of cholesterol in the diet may give rise to atherogenic postprandial lipoproteins that enhance risk for CHD even when fasting levels of cholesterol are unchanged. 12 Results of several epidemiologic studies indicate that dietary cholesterol is an "independentC risk factor for CHD, i.e., that the effect of dietary cholesterol on CHD rates is greater than can be explained by the rise in fasting levels of total cholesterol. This is consistent with the concept that dietary 524 cholesterol has effects on the rate of atherogenesis in ways other than by raising levels of LDL cholesterol. 19 Diets rich in saturated fatty acids and cho-lesterol suppress the activity of LDL receptors20; therefore, these constituents should be removed from the diet to the extent possible. The means elimination of eggs and fats rich in saturated acids. The richest sources of the latter are products containing butter fat, coconut oil, and palm oil. Meat fat (pork and beef) also have saturated fatty acids, but these fats seemingly are less hypercholesterolemic than butter fat.
The saturated fatty acids should be reduced to below 10% of total calories and preferably below 7% in patients with heterozygous familial hypercholesterolemia.1 Cholesterol intake should be less than 200 mg/day. Saturated fatty acids can be replaced by monounsaturated fatty acids, carbohydrates, or polyunsaturated fatty acids, but for the reasons indicated above, polyunsaturates should be kept to below 10% of total calories. Weight reduction also will reduce concentrations of LDL in obese patients with heterozygous familial hypercholesterolemia.2' Unfortunately, modification of the diet will not normalize LDL levels in most patients with heterozygous familial hypercholesterolemia, and the aim of therapy is to achieve a normalization. Therefore, maximal dietary therapy should be used in these patients, but complementary drug therapy will be needed in most patients. and do not have a specific structural defect in the genes encoding for LDL receptors. The abnormalities underlying this "metabolic suppression" have not been determined. In many patients with nonfamilial primary hypercholesterolemia, dietary factors probably contribute to raising the LDL concentration. For example, diets high in saturated fats, cholesterol, and total calories may raise the LDL concentration to the hypercholesterolemic range in individuals who otherwise would not have cholesterol levels exceeding 240 mg/dl. Still, many people on the same "cholesterol-raising" diet will not develop frank hypercholesterolemia, and hence genetic factors undoubtedly play a significant role in development of primary hypercholesterolemia. These genetic factors may cause a person to be "hyperresponsive" to dietary saturated fatty acids and cholesterol. Nonetheless, dietary therapy can be extremely valuable in treatment of primary hypercholesterolemia, particularly in patients of the latter type.
In most patients with cholesterol concentrations in the range of 240 to 300 mg/dl, a prolonged trial with diet modification is justified. Many patients cannot acquire new dietary habits within a few days or weeks, and often 6 months to 1 year are required for a complete change. For the patient with cholesterol levels in this range, therefore, the physician should not resort to medications prematurely. As a first step in dietary therapy, the intake of total fat should be reduced to 30% of calories, saturated fatty acids to less than 10% and dietary cholesterol to less than 200 mg/day. If the response to diet is adequate, i.e., if the LDL cholesterol level falls to 140 mg/dl or less, there is no need to alter the diet further. On the other hand, if the response is considered inadequate, a further reduction in intakes of saturated fatty acids and cholesterol can be tried. Many patients should demonstrate an adequate response to dietary therapy, and drugs will not be needed.
Even if the response is "inadequate," drugs may not be required. The risk for CHD associated with an inadequate response to diet must be considered in the light of possible risk of drug therapy. Therefore a dietary "failure" does not necessarily require a prescription for drugs. The patient's overall risk status must be taken into consideration. Factors that favor use of drugs include (1) persistent marked hypercholesterolemia, (2) For people without manifest CHD, dietary modification is the only management required for "dietary" hypercholesterolemia. A decrease in saturated fatty acids and cholesterol to less than 10% of calories and less than 300 mg/day, respectively, should be sufficient for most people. Overweight individuals should attempt to achieve a desirable body weight. Drug therapy is rarely indicated for patients with cholesterol concentrations in the range of 200 to 240 mg/dl.
Familial combined hyperlipidemia. This form of hyperlipidemia has been reported to occur in approximately 10% of patients with CHD.26 27 It may occur in about 1% of the whole population. The condition is characterized by multiple lipoprotein phenotypes within a single family. Some patients have an increase in LDL alone, others have an increase in VLDL alone, and still others have increases in both of these lipoproteins.
Rarely, patients in this category have an elevation of chylomicrons in addition to raised VLDL levels. The diagnosis of familial combined hyperlipidemia can be made in an individual patient only by the finding of multiple lipoprotein patterns within a single family. 26 
